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The rad:ar equipinl d (I e v t I o p t d under Projevt
Mu s ic is an luectronic sIt o rage, crosscorrelation
radar device used for de I v - in i n g the character-
istics of phase-cohteretnt si g a 1 eIi'ianiement in the
presence of no s e and backscalttr. It is also tis(td
for long-range studiev t,'f the ionosphere and the char-
acter of large-area returns, or back.attcar. Swe(.p
circuitry was developed for uso in tihe storage svysten
to provide a sufficient number of isolatu;c storage
ele ments to define completely the phase and fre-
que-ncy information contained in tin' i--f signal to Ie
stored. Means of monitoring swei'p registry, storage
phase, and fret-que ncy fidelity were developed init
incorporated, and a nivans of controlling storage-tube
discharge factor was designed to a I ow single-copy
operation.

PROBLEM STATUS

This is ai i jt e r i m report on one i:has of tii-
problem: work is continuing on this and oAht r phases.

AUTHORIZATION

NRL Problem R02- 17
Propct NR 412-000. Task NI? 412.006

MIPR 30-635-8-160-6136

. AL•• u Lt x:.itr- Auj;*.. S1, I•I•'!.
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CIRCUITS FOR THE OPERATION OF THE
PROJECT MUSIC STORAGE SYSTEM

i Unclassified Title)

INTRODUCTION

The electronic stotrage, crosscorrtlation radar equipment devclope-d undder the re•Quire-
merits of Project Music waE. designed to be used as a research tnstrunWni. TI) this vnd.
the Music radar system was designed to be flexible in its operation. The Storage systemn
for Project Music, which includes the storage-unit, target-switching, and readout cir-
cuitry, has been previously described. " The present report will delve into appended units
of the storage system, such as the sweep generators supplying the waveforms used to
drive the Radechon storage-tube deflection plates, the Radechon and dual-monitor-scope
unbianking and marker generator, a storage-tube diseharge.-factor control unit to permit
single-copy operation, and a dual monitor incorporating a signal-monitor oscilloscope
and a sweep-alignment-monitor oscilloscope.

The input signal to the storage unit, taken from tile i-f of a transmitter-monitor
receiver, provides the copy of the transmitted rf burst which is stored at the Radechon
storage unit (this stored signal is read out at a later time to coincide with a received
echo). Phase aind frequency information must be faithfully reproduced; thus a high order
of sweep stability and linearity and a high order of circuit stability in all other circuitry
associated with the Radechon are required.

OPERATION OF THE STORAGE SYSTEM

In order to make adequate use of the storage system, a number of associated units
were de'signed and developed. These units and their interrelationships may ie, seen in
the block diagram shown in Fig. 1. Of primary importance was the choice of a sweep to
be used at the storage tube. A sufficient number of Isolated elements had to be provided
td•urefine fully th, d phrs• and fre-nr. :r-y inforn-iti(,. contain d ini a 400-ki: rf tit 2ZiU-Vse"
duration. The Radeehon storage tube available provided more than 100 isolated elemet, IIs
per sweep. Thus, a five-line sweep of 50 jxsec per line provided sufficient storage Oec-
ments for the retention of the phase and frequency inlormatlon contained in tile 250-. ser,
400-kc rf burst. The requirement of complete Isolation between storage elements pre-
cluded the possibility of crosstalk between leerints, which would have degraded the
signal information.

The five-line sweep could have be'n generated in two possible ways. The first type,
of live-line raster considered utilized interline flyback, and the second typet used line-end
turnaround. It was essential to preserve readout-signal amplitude during the transition
period between lines, and this was possible only when thi beatn-scanirr. velocity was
kept nearly constant during the entire 250- ps-ec sweep, which included the interline
transition period. The second type of live-line raster sweep tultilled the requirements
and was adopted.

*C. 1-. UrnaLke and G. K. Jns!-,-, -Th. Storage Systit it, fur Projeutt Must t ,' N"ll Rit'p-ort
5338 (Confidential Report, Ur,Ca.uift-d Tit:v), Augusi 3. 19ý9.
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tI-fl'if i~i-p if ll-loss on' (it"ai by Mi sawtitth wa"Mi-i-ru fi-)mi thit san-iaiuiloth iil-

Tinas slnVit)Is 25U vt5' c011 W ain, if 4 1t1I'l szr l:rgi bn .t d'spiai ie, aitrl- 400-k- sigina a,
il 1 A-iMM i~a fillu HP -3wa t-n' i-aa'iil, -%wW vuva itisi-tIa) dQudaWY IiatI J r i IO- s am -WW I;.1
fir 1iii 4100-5 hi sgnal~ fnoat tilt sttitag'--ndai-til anphlifn-r AU~lhoui Ko'h tii TI am! It
pol-litn's ofi till, -. wif'uih hilr~zontld l-W@'.pJ ari- Ia-t to the' Push-pull darivi'Is, flit 'lirll'3

disp]iis (tiy tCht Vlimbl~l igtaai, sauna 1hi- setii' is unbldllkcd only dur-ing It1:- It f~liust-

interval. Then R1 unfilanking pulsi-. as suppliud front the uinilanking and riaz-kt-i gura-ltafi
pruviuustv disctusSt-'f. lits thte 400-kc rtkfrt-alc siivt-wttvv markters supcrianpost-i oni it
to intoniisfy por~tionls if (tiii 400-ku readtoiut signial. A compivfe schii-r~attic diagrani of lilt

slu-.d-inail mmatuit' is shown in Fig. 15, and the horizonfa). aunbahianing. andl vertical
wavctomrnis and the- resulting prn-serlain are shown mi Figs. 16 an 17, r-a-ptciv-ixl.
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Discharge- Factor Control Unit

Radar operation of the fladvehon storage tube required only aI single copvý o! tht- storied
infrm~ration, with the consequent requirement of near-conpleir i rasure during one reO{Iisiv.
sweep, It was evidi~nt that it would bn, desirable to read at high l-tam currents and to write
at a somiewhiat lower level to make the sungle eop, or the, Ctpi ra-.iirzi p. wa.o
This made necessary the developmevnt of a varialil v-discharge- factor iunt.

A schemtatic diagram for this undt may be found i,, Fig. 1I. Here- may be* ses -1 th t-
of the -(T4R) Puls(! group and its clamtping by dual dltodes. The pulse driver has it; its
grid circuit a crystal late fur iT pulse squaring and in its cathode tireult the eoutlrol
which ad~tusts the amount of T pulse clamping. This output driver Is a phase. invrerte
low-impedance driver which furnishi-s the pulse traws In both polarities. The term
":G(T-R)V G for gated, has been selected to differentiate this output fronm flt'e I(Tdt)
pulses available in the systemn, BY varyiny th~e amplitude of the .T pulse at the clamnping
diode, the T portion of the !G(T4HI pulSe group Is made variatlu in amplitude. This, thee.,
is the cuctrol of writing level at flthe storage tube. Input pulses to the unit and final-outpul
waveforms are shown in Fig. 1lP. It mly also be notet that it is fatly practical to subbtitute
a R~ pulse for the clamping pulse and there-by otake variable flthe reading-twain earrent.
This would allow mtultiple copies to be read from flthe storage suiface.

It may fit- interesting to reiterate the palse setquenct, as am-Ca at the storage unit,* now
that a further insight has been e-stabiPsheld into the Units geaatn otte of thek pulse:s ancd-
Figure 20 shows an expanded view of the signals and pulses.

CONCLUDING REMARK~S

The importance of sweep retraceabitity cannot lie overenpmpttsind. For proper ope ra-
tion of the storage system, the reading sweep had to retrace exictlY lb- writto~g Sweep;
otherwise, errors in phase and frequency of the readout would orccur, as welt as loss of
amplitude. This required very close holding of linearity in flite triangular sweep. frfrni
sweep to sweep, and good uniformtity its the step length and spacing as well as ve ry close
holding of the position of the sweepis. The type of ftv,-lime sweep stlected for use int the
storage sysicem was chose-n to provide additional storafge elienttts along the dropdtrwt
Siet ween steps. This type sweep has provided eXCelle'nt resaltS Ini Supplyitng a clean ptiat-t'-
sýhift-free signal after storage. The presetntation of this sweep ott its mnilottt osci~llstcoP,
has proved Valuable for sweep atigunment bietweent write and read and toe detýcting ,<,ca-
sional nmalfunctions in the units.

Output from the storagv sýytim is also stontot-eti ott a osrillostitja' io maix- full
use of this utnit, a linear sawtooth wavvform fur the horizuntat sweep was!, required
Linearity requirements here were also mtoderately stringent ini order not to distort t1ue
readout-signal display. The oscilloscope was to be used in checkintg storage-talte overload.
focus, sweep positionting on the tarfget, setting of the discharge factor, and for mecasure-
ott-nt of the phase shift across the rf burst and the trams-ilth r fre-quneny by itvnsinity-
mtarker comiparison,

The intensity-starker comtparison was made between a standard AOO-ke referenlce
sgntal from thc system utasfer crystal sod the 400-k: -signal fromt the trattsmilttr-mtottilor

receiver. Intensity markers were desigtted into a common unit w~h an unhianteitg pulse

-Ibid.
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